There are two distinct types of particles in nature: fermions and bosons. But it seems bosons may assume similar characteristics to fermion systems in the low-temperature regime typical of Bose-Einstein condensation. regulation between these genes? We look forward to the next round of studies to provide an even more complete description of how to make a leg. 
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There are two distinct types of particles in nature: fermions and bosons. But it seems bosons may assume similar characteristics to fermion systems in the low-temperature regime typical of Bose-Einstein condensation. articles known as fermions (such as electrons) obey the Pauli exclusion principle, which decrees that only a single fermion can occupy a particular state, such as an orbital in an atom. But the second family of particles, bosons (such as helium atoms), have no corresponding restrictions on their occupation of states. This distinction in their individual properties also carries over to the collective properties of large numbers of fermions or bosons at low temperatures. The typical quantum state of many fermions is a Fermi liquid, formed, for example, by the valence electrons in all metals: the electrons can move from atom to atom in this state and conduct electricity across macroscopic distances, albeit with a finite resistance. In contrast, bosons typically form a Bose-Einstein condensate, which is the basis of superfluidity in helium and its ability to flow perpetually with negligible dissipation. regulation between these genes? We look forward to the next round of studies to provide an even more complete description of how to make a leg. One of the defining properties of a Fermi liquid is its Fermi surface. In a metal, we can label the states available to the fermionic electron by its momentum vector k. The Fermi surface resides in k-space, and in the lowest-energy state of the metal, electrons occupy all states inside the Fermi surface, while those outside the surface remain unoccupied (Fig. 1a, overleaf) . This surface is of particular physical importance because it defines the low-energy excitations observed experimentally: a fluctuation in the density of the electrons is created by moving an electron from an occupied state inside the Fermi surface to an unoccupied state outside the Fermi surface; probes that eject an electron from the metal (such as an energetic photon in a photoemission experiment) will act most efficiently on states just inside the Fermi surface. The Pauli exclusion principle, by enforcing single occupancy of fermionic states, is crucial in defining the concept of a Fermi surface, as electrons can only be removed (or added) from states inside (or outside) the Fermi surface.
The striking proposal of Paramekanti et al. is that bosons can also form a Bose liquid with a Bose surface, analogous to the Fermi liquid and Fermi surface. Clearly, as there is no Pauli exclusion principle for bosons, the Bose surface cannot be the boundary between occupied and unoccupied states. Instead, the Bose surface defines the locus of points in momentum space with low-energy excitations (Fig. 1b) . Nevertheless, the excited states of the Bose liquid are defined by the Bose surface in a manner that is very reminiscent of the Fermi surface in a Fermi liquid: low-energy fluctuations in the density of the bosons involve rearrangement of the states near the Bose surface, as does an excitation that ejects a boson from the liquid.
Paramekanti et al. also discuss the conditions under which this fascinating Bose liquid may form. Weakly interacting bosons invariably collapse into the single state of a Bose-Einstein condensate, but merely turning up the strength of the repulsive interactions between the bosons is not enough to establish a Bose liquid. In fact, this leads to a state known as a Mott insulator, in which the bosons localize in a regular, crystalline arrangement. The transition between the Bose-Einstein condensate and the Mott insulator in a trapped gas of rubidium atoms was observed recently in a beautiful experiment by Greiner et al. 2 . v
To deter the bosons from forming a Bose-Einstein condensate or a Mott insulator, a more complex interaction between the bosons is necessary. In particular, a large contribution from 'boson ring exchanges' appears to be crucial. This feature arises because the quantum-mechanical description -or wavefunction -of the ground state contains a superposition of states in which pairs of bosons move in a correlated manner around a ring. In such a state, the positions of the bosons around the ring are uncertain, but a measurement that locates one boson at a particular site also specifies the position of the second boson at another site on the ring.
Stimulated by the proposal of Paramekanti et al., Sandvik et al. 3 have already reported results from a computer simulation of the simplest quantum description of boson behaviour in two dimensions, including a large boson-ring-exchange term. Vertebrate skeletal muscles -the kind that enable a mouse to run on a wheel or you to dash for a buscontain two types of fibre. Type I, or 'slow-twitch', fibres are fuelled mainly by oxidative metabolism, and can contract for sustained periods. Type II, 'fast-twitch' fibres generate rapid muscle contractions but are more prone to fatigue. On page 797 of this issue, Bruce Spiegelman and colleagues (Nature 418, 797-801; 2002) describe how a protein that regulates gene expression can increase the type I fibre content, and consequently improve the stamina of isolated mouse muscles.
Previous studies have shown that the nuclear protein PGC-1Ȋ is involved in controlling genes that participate in energy metabolism in mammalian cells. This suggested that PGC-1Ȋ might play a part in muscle physiology. Indeed, Spiegelman and colleagues have now found that if the protein is expressed in mouse skeletal muscles, more of the characteristically 'redder' type I muscle fibres are formed, with fewer type II fibres. The authors show that isolated PGC-1Ȋ-expressing muscles contain proteins that are typical of type I fibres, and can sustain contraction for around twice as long as equivalent muscles from wild-type mice, in an experiment based on standardized electrically induced contraction.
These results tie in nicely with the fact that the expression of PGC-1Ȋ can be induced naturally by exercise in experimental animals, and that exercise can convert type II fibres into type I fibres. Further work will be needed to define the precise molecular signals that control PGC-1Ȋ activity and to identify the genes regulated by this protein that lead to the formation of type I muscle fibres. It may be that, in the future, drugs that influence these regulatory events will be useful in situations where muscle activity is impaired. Great care would have to be taken, however, as PGC-1Ȋ seems to be involved in many other regulatory events in the body.
Richard Turner
Physiology
Muscle regulator goes the distance v
